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The change of the pupillary reflex dilatation pattern was investigated under the 
control of the degree of illumination. 
The diameter of the pupil changed from large to small when the illumination was 
changed from dark to bright as the session progressed. 
Under the dark session where the pupil was large, the peak pupillary dilatation 
showed the monophasic pattern which reached its peak about 1.6 sec. after stimula-
tion. But in the brighter session where the pupil diameter was smaller than 5 mm, the 
peak dilatation changed from monophasic to polyphasic pattern, which showed 2 
peaks at 0.7 sec. and 1.6 sec. after stimulation. 
It is suggested that the phasic sympathetic activation which dilates the pupil is 
influenced by the antagonistic parasympathetic activity, which is dominant under 
the bright illumination, and makes the peak dilatation polyphasic. 
The equilibrium between the sympathetic and parasympathetic systems must be 
considered, when the pupillary reflex dilatation is investigated. 
The reciprocal relationship between the sympathetic and the parasympathetic 
systems in the reflex dilatation of the pupil has been long discussed. 
Recently, Lowenstein and Loewenfeld (1950 a, 1961) suggested that the reflex 
dilatation of the pupil is largely due to sympathetic activation. They found that the 
pupillary reflex dilatation to the sound stimulus almost disappears after the sympathe-
ctomy, while there is only a slight amplitude decrease when the parasympathetic 
pathway has been sectioned. From this, they concluded that four-fifths or nine-tenths 
of the pupillary reflex dilatation are due to the activation of the sympathetic system 
and only a remnant part is due to the relaxation or inhibition of the parasympathetic 
system. 
In addition to this, using computer averaging techniques, Clynes (1962) reported 
that sound stimuli dilated the pupil with the latency as small as 150 msec., and that 
this dilatation reached its peak at about 1.5 sec. after the stimulation. 
From these two studies, it was generally assumed that the sound stimuli activate 
the sympathetic pathway and dilate the pupil monotonously. 
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But in a study of pupillary light reflex, Lowenstein and Loewenfeld (1950 b) found 
that the changes in the arousal level influence the reflex. The pupillary light reflex 
is caused by the parasympathetic activation. But when the opposite effect of the 
sympathetic system is increased by S's tension or excitement, the pupillary contraction 
due to the light stimuli decreases its amplitude or changes its shape into a (W) or (V) 
shaped pattern. In the case of extreme excitement, this reflex to the light was com-
pletely absent. Under the influence of the excitement, the sympathetic influence at 
the end of the primary contraction phase to the light is stronger than the activation of 
the parasympathetic system, and therefore reverses the direction of the contraction to 
the opposite side. 
This shows that the pupillary light reflex is affected by the opposing sympathetic 
activity. 
Nevertheless the effect of the parasympathetic system on a pupillary reflex dilata-
tion has not been studied, since a central parasympathetic pathway inhibiting the 
sympathetic system has not been found (Loewenfield, 1958; Lowenstein and Loewen-
fedl, 1950b). 
But according to Lowenstein and Loewenfeld (1950b), the basic illumination, the 
intensity of the stimulus and the basic condition of the subject affect the extent of the 
reflex dilatation response to sensory stimuli. That is, the extent of the reflex 
dilatation is influenced by the initial pupil diameter at the moment of sensory stimuli. 
This suggests that the equilibrium between sympathetic and parasympathetic systems 
might also affect the pattern of pupillary reflex dilatation even peripherally. 
In this experiment, the changes of dilatation response of the pupil to auditory 
stimuli were investigated under the influence of changes in the parasympathetic activity. 
As is well known, the parasympathetic activity is easily changed by changing the 
degree of illumination. That is, under the bright illumination, the parasympathetic 
system is dominant, but contrary to this, the activity of this system is negligible under 
the dark condition (Lowenstein and Loewenfeld, 1950 a). 
So it is hypothesized that the pupillary reflex dilatation which is generally 
sympathetic, would show some patternal changes according to the changes in the 
degree of illumination. 
In this experiment, the luminance of the experimental room was changed from 
dark to bright as the session progressed. And the pattern of the reflex dilatation to 
the tone was investigated under each session. 
METHOD 
Subjects: The Ss were ten student volunteers, two of whom were females. 
Stimulus: 1000 Hz, 0.2 sec. duration pure tone was presented through a speaker set 
about 1 meter behind the S. The intensity of this tone was about 3 watt at the speaker 
level. 
Apparatus: TKK multi unit system and photic-sonic stimulator (Nihon Kohden) 
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were used to produce and control the pure tone. The changes of the pupillary 
diameter were measured using a TKK autonomic-infrared scanning device, and were 
amplified and recorded with ME 132B and RMG5204 (Nihon Kohden). 
Procedure: The S's head was held in position with the aid of head-chin rest. The 
range of S's vision except part of the lens of a T.V. monitor camera was restricted to an 
area covered with a sheet of white paper in order to reduce the effect of contrast as much 
as possible. 
The S's gaze and accomodation were fixed by requesting the S to focus his eyes on a 
pin hole on the white paper, behind which a dim, red light was positioned. This was 
viewed with both eyes. The distance between the eyes and this point was about 20 
cm. The S's left eye was monitored to pick up its pupillary changes. 
The experiment was devided into four sessions. The degree of luminance of the 
experimental room was changed from dark to bright by a lux controller (Toshiba) as 
the session progressed. 
The first session began after 20 minutes' dark adaptation. This session was almost 
completely dark except the light of the T.V. monitor. During this dark adaptation, 
the following instruction was given aurally, "Focus your eyes on the point of red light. 
Keep your eyes open and try not to close or move your eyes at the tone". Tones 
were given through a system of random stimulus, the average rate of stimulus was 
about one per 15-20 seconds. This way of presentation was continued in the remain-
ing three sessions. 
Mter about three minutes' rest at the end of the first session, the second session 
was begun. In this session, the illumination was a little brighter. The degree of 
luminance in front of S's face was about 10 lux. 
It was brighter in the third session and fourth session. In the third session, the 
luminance was 40 lux and the brightness around the fixation point was 0.29 fl. 
In fourth session, the illumination was 100 lux and the brightness was about 0.87 
fl. 
Although at least 40 stimuli were presented in one session, only 20 responses 
which were free from the eye or eyelid movements were selected and averaged by 
ATAC20l (Nihon Kohden). 
The whole experiment lasted for 1.5-2.0 hours. 
RESULTS 
A} The change of the pupil initial diameter 
Fig. 1. indicates the change of the initial pupil diameter at the presentation of the 
stimuli under four sessions. The pupil became smaller as the session progressed and the 
degree of the luminance increased. The average pupil diameter of ten Ss in the first 
session was 6.08 mm, 5.47 mm in the second session, 4.89 mm in the third session, 
and 4.50 mm in the brightest fourth session. There were significant differences among 
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these diameters (1st session>2nd session, p<0.05; 2nd session>3rd seSSIOn, p<O.Ol; 
3rd session>4th session, p<O.OOl). 
This indicates that the brighter the illumination was, the smaller was the initial 
pupil diameter at the presentation of the tonal stimuli. The initial diameter of the 
pupil was successfully controlled in this way. 
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Fig. 1. The level of pupil diameter in four sessions. The differences 
among them are all significant. 
B) Changes of the pupillary reflex dilatation pattern 
Fig. 2. indicates the patterns of pupillary reflex dilatation during 2.5 sec. after 
the tonal stimuli. It is clearly seen that in the dark, first session, the pupil dilates 
gradually and reaches its peak about 1600 msec. after the presentation of the stimuli 
(P1600). The average amplitude of this peak was 0.159 mm. Mter reaching this 
peak, the pupil began to contract and returned to baseline. 
But in the second or third session, where the degree of luminance increased, it is 
seen that there are some changes in these patterns of pupillary reflex dilatation. 
One of such changes is the appearance of an early small peak which was not 
observed in the first session. The latency of this peak is about 700 msec. (P700) Six 
of ten Ss were found to show this earlier peak in the second session, and the average 
amplitude of this peak was 0.148 mm. In the third session, this peak was found in 
nine of ten Ss, and its average amplitude was 0.146 mm. On the contrary, P1600, which 
was originally seen in the first session, was also clearly seen in these sessions. The 
average amplitude of this peak was 0.161 mm in the second session and 0.174 mm in 
the third session. 
P700 was most prominent in the fourth, and the brightest session. The average 
amplitude of P700 was 0.156 mm in this session. This was the largest amplitude of 
these four sessions. On the contrary, P1600 was at its smallest in this session. The 
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Fig. 2. The typical pattern of peak pupillary dilation. In the dark first session, where the 
pupil diameter is the largest, the dilation shows a 1 peak pattern. But as the session 
progresses and the pupil baseline diameter decreases, the 1 peak pattern changes to a 2 peak 
pattern. 
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Fig. 3. The degree of peak pupillary dilation for each session. There 
is no significant difference among sessions. 
Table 1. Pupil diameter at the presentation of the stimulus 
I M.M·I S.N. I F.S. I F.R·I W.T·I O.T. I N.K·I S.S. I H.M·I LK. I Averages 
1st Session 5.05* 7.07 7.45 5.90 4.62 7.05 6.64 4.80 4.91* 7 30 6.08 
2nd Session 4.68 6.20* 6.94 4.75* 4.52 5.26* 6.61 4.18* 4.38 7.17 5.47 
3rd Session 4.39 5.63 5.85* 4.71 3.81* 4. 77 5.61* 3.63 3.61 6.93 4.89 
4th Session 4.32 4.86 5.35 4.01 3.92 4.26 5.37 3.51 2.80 6.55 4.50 
(Asterisk indicates the first session when the pattern change appeared) (mm.) 
P1600 amplitude of nine of ten Ss averaged 0.158 mm. The remaining one S did not 
show this peak. In short, P1600 increased its amplitude from the first session to the 
third session but it decreased in the fourth session. But P700, which was hardly 
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noticeable in the first session, increased its amplitude as the session progressed. Fig. 
3. a, b shows this change of the amplitude. 
That is to say, the pupillary reflex dilatation response to the tonal stimuli changed 
its pattern from monophasic to polyphasic (i.e. patterns at least with two peaks: one 
is seen at about 0.7 sec. and the other at 1.6 sec. after stimulation) as the initial 
diameter decreased under increased luminance. 
The average initial pupillary diameter where this change of the response pattern 
occurred was 5.07 mm. In short, when the initial diameter was smaller than 5 mm, a 
polyphasic pattern appears. This is seen in Table 1. 
Another example in which a small pupil gives the P700 response is shown in Fig. 4. 
Fig. 4. a refers to one S whose pupil remained small even in the dark (4.68 mm in the 
first session) and was smaller in other three sessions. This S showed only P700 and not 
P1600 in all sessions. But on another day, when his pupil was a little larger in the 
first session (5.05 mm), both peaks were observed (Fig. 4. b). This suggests that P700 
is dominant in smaller pupil but that P1600 becomes dominant in larger pupil. 
From these results, it will be seen that not only the extent but also the pattern of 
the pupillary reflex dilatation changes according to the initial diameter of the pupil at 
the presentation of the tonal stimulus. 
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Fig. 4. The peak pupillary dilatation patterns of the same S at two different occasions. When 
the S started with a smaller pupil diameter, only the first peak (P700) can be seen (left 
half). When the diameter of his pupil was larger than 5 mm at the beginning of the 
experiment, the second peak is observable as well (right half). 
DISCUSSION 
It is well known that the systematic investigation of the pupillary movements was 
carried out by Lowenstein and Loewenfeld (Loewenfeld, 1958, 1966, Lowenstein, 
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Feinbelg and Loewenfeld, 1963; Lowenstein, Kawabata and Loewenfeld, 1964; Low-
enstein and Loewenfeld, 1950 a, b, 1961, 1962}. 
In the beginning of their series of studies, they took photographs of the cat's 
pupil and observed that when the cat was under dark adaptation, her pupil dilated to the 
tone within 100 or 200 msec. and reached its peak about 0.5--0.7 sec. after stimulation. 
On the other hand, when the pupil contracted under the bright light, a larger dilatation 
of about 4 mm occurred about 1.3 sec. after stimulation. 
In addition to this, after sympathectomy, they found that the amplitude of the 
reflex dilatation of the sympathectomized side became one tenth or one fifth of that 
of the intact side, while under parasympathectomy, the amplitude decreased only a 
little. From this, they concluded that the greatest determinant of the reflex dilatation 
is sympathetic and denied the opposite proposals presented previously by Ury and 
Oldnung (1940) and Ury and Gellhorn (1939). 
Olynes' investigation (1962) of human pupil movement using the computer averag-
ing techniques also supports Lowenstein's hypothesis. He found that the pupil dilated 
gradually after the reception of the tonal stimuli and reached its peak at about 1.5 sec. 
after the stimulation. The amplitude of the peak he measured was about 0.12-0.25 
mm, very small compared with the initial pupil diameter. 
In short, the sympathetic pupillary reflex dilatation to the tone was believed to be 
small and be monophasic pattern. 
In the present experiment, we observed a similar monophasic dilatation pattern 
which reached its maximum amplitude about 1.6 sec. after the stimulation in the dim-
light sessions (P1600). The average amplitude of this dilatation was 0.16 mm, which 
supports Olynes'. 
However, in addition to this, we found that, as the pupil contracted with the 
increase of the illumination, a polyphasic pattern appeared. This type of change of 
the reflex dilatation has not been observed in the previous experiments. That is to 
say, only the amplitude of the reflex dilatation has been thought to be influenced by 
the effect of the antagonistic parasympathetic activity, but not the pattern of it. 
(Lowenstein and Loewenfeld, 1950b; Bradshow, 1968) The results of our experiment 
seen in Fig. 3. b are consistent with this hypothesis. In the earlier three sessions 
of the experiment, the amplitude of the P1600 showed a tendency to become larger as 
the initial pupil diameter became smaller, but it decreased in the fourth session where 
the pupil was smallest. This indicates that the amplitude of the reflex dilatation 
increases gradually up to a certain pupil diameter where the change of the equilibrium 
of these two antagonistic systems occurs. But when the initial pupil diameter becomes 
small enough, the sympathetic dilatation function might have been affected by the 
parasympathetic activity which is dominant when the pupil is small and have made its 
amplitude small. 
But now, let us suppose that the pattern of the reflex dilatation is also affected by 
the balance of these two antagonistic systems. 
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The sympathetic pupillary dilatation reflex showed a monophasic pattern when 
the initial pupillary diameter was large, i.e. when the parasympathetic activity was 
low. But as the degree of the illumination was increased and the pupil contracted, the 
peak dilatation pattern changed to a polyphasic pattern. This seems to indicate that 
almost sympathetic pupillary reflex dilatation comes to be polyphasic when the 
parasympathetic activity is at a high level. 
Under the dark or dim-light condition, the parasympathetic activity is relaxed, and 
the sympathetic reflex dilatation occurs smoothly without any opposing effect. But 
when the degree of the illumination is increased, and the parasympathetic system 
becomes dominant, the sympathetic dilatation reflex, affected by dominant suppressing 
function, will change its pattern from monophasic to polyphasic. 
However, in the case of thinking the effect of the parasympathetic activity on the 
reflex dilatation, it is difficult to adopt the way of explanation which was held by 
Lowenstein and Loewenfeld (1961) in the case of the redilation of the pupillary light 
reflex. They observed that the first phase of the redilation of the light reflex was due 
to the relaxation of the parasympathetic system and the second phase of it was according 
to the activation of the sympathetic system. But they also clarified that the relaxation 
of the parasympathetic system does not play so great a part in the reflex dilatation of 
the pupil. 
So it will be suggested that a similar process which was observed in the patternal 
change of the pupillary light reflex might also occur in this reflex dilatation. That is 
to say, the sympathetic dilatation function is blocked by the parasympathetic activity 
and is separated into some parts. So under the activation of parasympathetic system 
under the bright light, the polyphasic pattern must be observed. This will be support-
ed by the result seen in Fig. 4. When the pupil was large, the S showed a monophasic 
dilatation pattern, but when he showed a small pupil, the earlier peak appeared. This 
may show that the phasic constriction which is observed between the two peaks (P700 
and P1600) represents the blockade of the parasympathetic activity. 
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